Free-flying honeybees, Apis mellifera, learn visual stimuli in the appetitive context of food search. Visual compound stimuli are relevant in nautre as bees learn flower images that consist of many visual elements. We studied whether elemental associations between each visual element and the reinforcement (elemental approach) are enough to explain the solving of visual discrimination problems that raise ambiguity at the elemental level. We asked whether bees could solve three different visual discriminations: (1) positive patterning (A , B , AB+); (2) negative patterning (A+, B+, AB ); and (3) biconditional discrimination (AB+, CD+, AC , BD ). In experiments 1 and 2 bees had to discriminate a yellow-violet chequerboard from the yellow or the violet squares alone. In experiment 3, four different gratings combining one colour (yellow or violet) with one orientation (vertical or horizontal) had to be discriminated. In all three problems binary compounds were trained in such a way that each element appeared equally often as rewarded and nonrewarded. Bees could solve the three discrimination problems. They always chose the reinforced stimulus despite ambiguity at the level of the elements. For solving positive patterning, elemental processing could be used. For negative patterning and biconditional discrimination, nonelemental processing strategies (unique-cue or configural approach) are necessary to account for these results. Although we cannot decide between a configural and a unique-cue interpretation, we can clearly reject purely elemental processing in these cases. The capacity to learn relationships between events in the environment is of central importance for successfully negotiating a complex world. Animals can learn that an originally neutral stimulus (conditioned stimulus, CS) can act as a predictor for a meaningful stimulus (unconditioned stimulus, US). Such an elemental association has been found in a great variety of animals and constitutes the basis of classical conditioning (Pavlov 1927). In the natural world, however, stimuli rarely occur in isolation. They usually form compounds that enter into an association with a US. Although it is clear that animals can process and learn such compounds, the nature of the associations enabling such learning is still debated.
Two main approaches account for compound processing and learning: (1) an elemental approach (e.g. Rescorla & Wagner 1972) assuming that a compound AB is represented as two elements A and B, each of which becomes connected to the representation of the US (i.e. 'the whole equals the sum of its parts') and (2) nonelemental approaches assuming that the representation of a compound AB differs from the simple sum of the individual representations of the elements A and B (i.e. 'the whole is different from the sum of its parts'). Among the latter, two alternatives can be cited: (1) the unique-cue approach (Rescorla 1972 (Rescorla , 1973 Whitlow & Wagner 1972) and (2) the configural approach (Pearce 1987 (Pearce , 1994 Rudy & Sutherland 1992 , 1995 .
The unique-cue approach (Rescorla 1972 (Rescorla , 1973 Whitlow & Wagner 1972) assumes that a compound consists of its elements plus an additional configural stimulus that is unique to the compound, but that can otherwise be dealt with as an additional element (i.e. 'the whole is the sum of the elements plus the unique cue'). This unique cue codes the common presentation of a certain configuration of stimuli. The response to a compound may thus be analysed as the sum of the associative strengths of the elements plus that of the unique cue. Although elemental associations are also invoked in the unique-cue approach, it constitutes a nonelemental approach as problem solving cannot be explained purely on the basis of the physical presence of the elements of a compound.
The configural approach (Pearce 1987 (Pearce , 1994 assumes that the elements of a compound collectively enter into a
